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GHDOLQJZLWK&DU6KDULQJFRQFHQWUDWHGRQ WKHH[SHFWHGRUDOUHDG\UHDOL]HGPDUNHWSRWHQWLDO &HOVRU	0LOODUG





DQG WRGHVFULEH VRPHRI WKHVH LQWHUGHSHQGHQFLHV LQGHWDLO7KLV EXLOGV D EDVLV IRU IXWXUH UHVHDUFKGHDOLQJZLWK
IRUHFDVWLQJ ERRNLQJ QXPEHUV VKRUWWHUP HJ IRU FDUU\LQJ RXW HIIHFWLYH UHORFDWLRQV RU ORQJWHUP HJ IRU
LGHQWLI\LQJFLWLHVZLWKDKLJKSRWHQWLDORIVXFFHVVIRU&DU6KDULQJ
7KHRXWOLQHRIWKLVSDSHULVDVIROORZV6HFWLRQDWILUVWJLYHVDVKRUWUHYLHZRIGLIIHUHQWLPSOHPHQWDWLRQVRI
&DU6KDULQJ V\VWHPV LQRUGHU WR FODVVLI\ WKH WZR LQYHVWLJDWHG VROXWLRQV$IWHUZDUGV WKHJLYHQGDWDVHWV DQG WKH
QHFHVVDU\DGMXVWPHQWVDUHGHVFULEHG7KHGDWDLVWKHQXVHGLQ6HFWLRQWRILJXUHRXWZKHUHWKHWHPSRUDU\GHPDQG
IRU&DU6KDULQJLVDWLWVKLJKHVWOHYHODQGSRVVLEOHLQWHUSUHWDWLRQVDUHJLYHQZKLFKKDYHWREHMXVWLILHGZLWKIXUWKHU




$OWKRXJK WKH FRQFHSW RI &DU 6KDULQJ IRXQG LWV RULJLQ DW WKH ODWHVW LQ 6ZLW]HUODQG LQ  E\ 6()$*(
6KDKHHQHWDOLWLVWRGD\DOPRVWDOZD\VFRQVLGHUHGDVEHLQJVRPHZKDWQHZ7KLVPD\EHGXHWRWKHIDFW





*HUPDQ\7KH ³WUDGLWLRQDO´ FRQFHSW LV 6WDWLRQ%DVHG&DU 6KDULQJ ZKHUH HDFK FDU LV DVVLJQHG WR D SHUPDQHQW
VWDWLRQ DQGKDV WREH UHWXUQHG WR LWV VWDWLRQ LQRUGHU WR ILQLVK D ERRNLQJ ,Q WKH ODVW IHZ \HDUV KRZHYHU D QHZ
FRQFHSW FDOOHG )UHH)ORDWLQJ &DU 6KDULQJ DEEUHYLDWHG LQ WKH IROORZLQJ ZLWK ))&6 HPHUJHG $ &DU 6KDULQJ
RSHUDWRU XVLQJ WKLV V\VWHPGHILQHV±PRVWO\ LQ FROODERUDWLRQZLWK WKHPXQLFLSDOLW\ ± D EXVLQHVVGLVWULFWZKHUH
FDUVFDQEH UHWXUQHGDW HYHU\ IUHHSDUNLQJVSRW7KH ILUVWRI WKH WZRH[DPLQHG&DU6KDULQJSURYLGHUVXVHV WKLV
NLQG RI V\VWHP 7KH RWKHU SURYLGHU XVHV D K\EULG VROXWLRQ DEEUHYLDWHG+&6 7KLV LV GRQH E\ XVLQJ VPDOOHU
HQFORVHG SDUNLQJ DUHDV ZLWK D VL]H RI DERXW NPð WKDW DUH SUHGHILQHG E\ WKH PXQLFLSDOLW\ (DFK FDU LV WKHQ
DVVLJQHGWRRQHRIWKHVHDUHDVDQGFDQEHUHWXUQHGDWHYHU\IUHHSDUNLQJVSRWLQWKHDUHDLWLVDVVLJQHGWR
7KHUHDOVR LV DGLIIHUHQFH LQKRZ WRFDUU\RXWDERRNLQJ ,Q WKHFDVHRI WKH+&6 WKLV LVGRQH WKH VRPHKRZ
FODVVLFZD\$XVHULVUHTXLUHGWRSUHERRNDFDURQOLQHRUE\SKRQHDQGKDVWRVSHFLI\DWLPHIUDPHLQZKLFKKH
SODQV WRXVH WKHFDU2Q WKHRWKHUVLGHXVHUVRI WKH))&6DUHQRWERXQG WRPDNHD UHVHUYDWLRQDIRUH7KH\FDQ
LGHQWLI\IUHHYHKLFOHVE\DGLVSOD\LQWKHIURQWZLQGRZDQGWDNHWKHPLPPHGLDWHO\EXWWKH\FDQDOVRVHDUFKIRU





,W LV D ORJLFDO FRQVHTXHQFH RI WKH GLIIHUHQFHV LQ WKH PRGHOV WKDW WKH DQDO\]HG GDWDVHWV DOVR GLIIHU VOLJKWO\
EHWZHHQWKHWZRSURYLGHUV%RWKGDWDDUHJLYHQLQVSUHDGVKHHWVZKHUHHDFKURZFRUUHVSRQGVWRDVLQJOHWULSWKDW
ZDVFRQGXFWHG ,QRUGHU WR UHDFKFRPSDUDELOLW\ERWKGDWDVHWVDUH UHGXFHG WR WKH VDPH WLPH LQWHUYDO± UHVXOWLQJ
IURPWKHLQWHUVHFWLRQRIWKHWZRVHWV±LQFOXGLQJWKHSHULRGIURP-DQXDU\VWXQWLO2FWREHUVWRIWKH\HDU
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,QWKHFDVHRIWKH))&6HDFKURZLQFOXGHVLQIRUPDWLRQDERXWWLPHGDWHDQGFRRUGLQDWHVRIERWKEHJLQQLQJDQG
HQGLQJRIWKHFRUUHVSRQGLQJERRNLQJ)XUWKHULQIRUPDWLRQZLOOPRVWO\EHH[DPLQHGLQIXWXUHUHVHDUFKDQGFRQVLVW
DPRQJRWKHUVRI WKHGLVWDQFHFRYHUHG WKH WULS W\SHHJSULYDWH WULSYHUVXVEXVLQHVV WULSDQG WKH OHQJWKRI WKH












7KHILUVW WKLQJWRLQYHVWLJDWH LV WKHWHPSRUDOGLVWULEXWLRQRIWKHERRNLQJV7KLVLV LPSRUWDQWWRILQGUHFXUUHQW
SDWWHUQVDQGWRLGHQWLI\SHDNVRIGHPDQGLHWLPHLQWHUYDOVZKHUH&DU6KDULQJLVUHTXHVWHGIUHTXHQWO\























 5DWLRRIERRNLQJV 0HDQOHQJWKRIWULS 0HDQGLVWDQFHRIWULS
 ))&6 +&6 ))&6 +&6 ))&6 +&6
0RQGD\      
7XHVGD\      
:HGQHVGD\      
7KXUVGD\      
)ULGD\      
6DWXUGD\      
6XQGD\      
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,W LVHDV\ WRVHH WKDW WKHUH LVDGLIIHUHQFH LQXVDJHEHWZHHQ WKH WZR W\SHVRI&DU6KDULQJ7KHILUVW WKLQJ WR
REVHUYHLVWKDWWKHFXUYHVRIWKH))&6VKRZRQO\DVPDOOGLIIHUHQFHFRQILUPLQJWKDWWKH)UHH)ORDWLQJYDULDQWLV
XVHGHVSHFLDOO\IRUVKRUWWULSVODVWLQJOHVVWKDQRQHKRXU2QWKHRWKHUVLGHWKHSHDNVRIWKHFXUYHVIRUWKH+&6DUH






WKHSULFLQJPRGHOVEHFDXVH WKHFRPSDQ\RIIHULQJ WKHK\EULG VROXWLRQDOVRSURYLGHVSDFNDJHVZKHUHDXVHUFDQ
UHQWDFDUIRUVHYHUDOKRXUVRUHYHQGD\VDWQRWDEO\ORZHUSULFHV
$QRWKHULPSRUWDQWSRLQWLVWKDWWKHUHVHHPWREHWZRSHULRGVZKHQPRUHFDUVDUHUHQWHGRUUHWXUQHGFRPSDUHG





KRPH IURPZRUN DQG VHFRQGO\SHRSOHPDNLQJ HUUDQGV DIWHUZRUN EHIRUH WKH VKRSV FORVH DW 307KLV JUDSKV
VKRZ D GLIIHUHQW FRXUVH WKDQ WKH RQHV REWDLQHG E\.RUWXP  IRU WKH )UHH)ORDWLQJ6\VWHPRI&DU*R LQ
$XVWLQRU&HUYHUR  IRU WKH6WDWLRQEDVHG6\VWHP&LW\&DU6KDUH LQ6DQ)UDQFLVFR.RUWXP IRXQGD WKLUG
SHDNGXULQJOXQFKWLPHWKDWZDVHYHQKLJKHUWKDQWKHWZRLQWKHPRUQLQJDQGHYHQLQJZKLFKZDVH[SODLQHGE\
XVHUV WDNLQJ FDUV IRU PDNLQJ HUUDQGV GXULQJ WKHLU OXQFK EUHDN &HUYHUR LQ FRQWUDVW RQO\ IRXQG RQH UHDO SHDN
GXULQJ QRRQ DQG 30 7KLV LQGLFDWHV VWURQJ GLIIHUHQFHV LQ XVDJH EHWZHHQ GLIIHUHQW ORFDWLRQV DQG VKRZV WKH
QHFHVVLW\RIIXUWKHUVWXGLHVRQWKHWULSSXUSRVHVRI&DU6KDULQJXVHUVLQ*HUPDQ\











2Q WKHRWKHUVLGH WKHERRNLQJVRQZHHNHQGVVKRZWKUHHDWWULEXWHV\RXZRXOGDOVRH[SHFWE\ LQYHVWLJDWLQJDQ\
RWKHUNLQGRI WULS ,W LVREYLRXV WRVHH WKDW WKHUDWLRRIERRNLQJVGXULQJ WKHQLJKW LVKLJKHUDQG WKH LQFUHDVHRQ
ERRNLQJVEHJLQVODWHULQWKHPRUQLQJWKDQRQZRUNGD\V%RWKRIWKHVHFDQEHH[SODLQHGE\WKHSRVVLELOLW\WRVOHHS






WRPDNHZKROHGD\ WULSVRQZHHNHQGV ,W LV DOVRYLVLEOH WKDWRQZRUNGD\VPRUH WULSV VWDUW WRZDUGV WKHHYHQLQJ
ZKLFKFRXOGEHHLWKHUWULSVIURPZRUNZLWKLQRQHDUHDRUHJWULSVIRUGRLQJVRPHVKRSSLQJ









LQYHVWLJDWHGPRUHGHWDLOHGEXW WKHGLIIHUHQFHVEHWZHHQ WKH WZR V\VWHPV LQ WKH VSDWLDO GLVWULEXWLRQZLOO DOVREH
SDUWRIWKLVVHFWLRQ
)LJ&RPSDULQJDWKHUDWLRRIWULSVRQZRUNGD\VWRSDQGEWKHUDWLRRIWULSVRQZHHNHQGVERWWRP




KLJKHVW YDOXH DW WKH SRLQW LWVHOI DQG GHFUHDVLQJ SRWHQWLDO ZLWK LQFUHDVLQJ GLVWDQFH UHDFKLQJ ]HUR DW WKH VHDUFK







ERUGHU RI WKH LQQHU FLW\ WKH VRFDOOHG ³$OWVWDGWULQJ´ ± DQG WZR EOXH SRLQWV VKRZLQJ WKH ORFDWLRQV RI WKH WZR
XQLYHUVLWLHV DUH LQVHUWHG ,W LV HDV\ WR VHH WKDW WKH XQLYHUVLWLHV OLH LQVLGH ODUJH UHG DUHDV 7KH LQVLGH RI WKH
$OWVWDGWULQJLVQRWSDUWRIWKHEXVLQHVVGLVWULFWDQGLWLVKHQFHQRWDOORZHGWRSDUNWKHYHKLFOHVLQVLGHEXWLWLVDOVR
VXUURXQGHGE\UHGDUHDV7KLVVKRZVWKDWORWVRISHRSOHXVH&DU6KDULQJWRJHWQHDUWKHLQQHUFLW\ZLWKLWVPDQ\





DOVR OLNHO\ WKDW WKH VSDWLDO GLVWULEXWLRQ VKRZV PDMRU GLIIHUHQFHV ,Q RUGHU WR GHWHUPLQH WKHVH GLIIHUHQFHV WKH
QXPEHU RI ERRNLQJV LQ WKH SDUNLQJ DUHDV RI WKH +&6 LV FRXQWHG 7KLV LV GRQH ILUVW IRU WKH ))&6 ZKHUH WKH
QXPEHU RI WULS VWDUWV LQ HDFK DUHD RI WKH+&6 LV FRXQWHG DQG VHFRQG IRU WKH+&6 LWVHOIZKHUH WKH QXPEHU RI
ERRNLQJVLQDQDUHDLVGLYLGHGE\WKHQXPEHURIDVVLJQHGFDUVWRUHDFKFRPSDUDELOLW\EHWZHHQWKHDUHDV$VIRU
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+HDW0DS DERYH 7KH DUHDV ZLWK KLJK QXPEHUV RI WULSV DUH QHDU WKH LQQHU FLW\ DQG VOLJKWO\ QRUWKHUQ LQ WKH
GLUHFWLRQ RI WKH XQLYHUVLWLHV ZKHUHDV WKH ZHVWHUQ DUHDV DUH WKH RQHV ZKHUH ERRNLQJV DUH PDGH OHVV IUHTXHQW
&RPSDULQJ WKLV WR WKH FRUUHVSRQGHQWPDS IRU WKH+\EULG VROXWLRQ LQ ILJXUH D LV VXUSULVLQJ EXW FDQ DOVR EH
H[SODLQHG:LWK WKHH[FHSWLRQRIRQHDUHD LQ WKHVRXWKDOO WKHDUHDVVXUURXQGLQJ WKH LQQHUFLW\DUHFODVVLILHGDV
KDYLQJD VPDOOGHJUHHRIXVDJHZKHUHDV WKLVGHJUHHVHHPV WR LQFUHDVHZLWKKLJKHUGLVWDQFH WR WKH$OWVWDGWULQJ
0RVWRIWKHDUHDVDOVRVHHPWREHFODVVLILHGGLIIHUHQWO\LQWKHWZRREVHUYHGV\VWHPV7KLVFDQEHH[SODLQHGE\WKH
VWUXFWXUHRIWKHFLW\DQGWKHGLIIHUHQFHVLQWKHV\VWHPV7KHLQQHUFLW\SURYLGHVZRUNSODFHVDQGRIIHUVSRVVLELOLWLHV






ZLWKH[WHUQDO IDFWRUV7KHSUREDEO\PRVWREYLRXV IDFWRUV WKDW DUHFRQVLGHUHG LQ WKLVSDSHUDUH WKH LQIOXHQFHRI
ZHDWKHU IRU VKRUWWHUPSUHGLFWLRQVDQGVRFLRGHPRJUDSKLFGDWD IRU ORQJWHUPSUHGLFWLRQV7KHVH IDFWRUVDPRQJ
RWKHUVPD\DOVREHLPSRUWDQWWRGHWHUPLQHFLWLHVZKHUHDVSHFLILFW\SHRI&DU6KDULQJFRXOGRSHUDWHVXFFHVVIXO




SHRSOHPD\ VZLWFK WR &DU 6KDULQJ LQVWHDG RI JRLQJ E\ ELNH RU IRRW ZKHQ WKHUH LV KHDY\ UDLQIDOO RU D VXGGHQ
WKXQGHUVWRUP2QWKHRWKHUVLGHSHRSOHPD\DYRLG&DU6KDULQJYHKLFOHVZKHQLWLVKRWDQGUDWKHUWDNHWKHELNHRU
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7RFRQFOXGH WKHDQDO\VLVRIH[WHUQDO IDFWRUV VRFLRGHPRJUDSKLFGDWD LV VWXGLHG$VDERYHRQO\ WKH))&6 LV
FRQVLGHUHGEHFDXVHRIWKHODFNRIH[SOLFLWVWDUWLQJDQGHQGLQJSRLQWVRIWKH+&6
7KH LQWHUGHSHQGHQFLHV DUH DJDLQ VXUYH\HG E\ FUHDWLQJ VFDWWHUSORWV ZLWK RQH SRLQW SHU ]RQH 7KH PRVW
SURPLVLQJ LV LOOXVWUDWHG LQ ILJXUH DQG VXSSRUWV WKH WKHRU\ WKDW&DU6KDULQJ LV VHOGRPXVHGE\ HOGHUO\SHRSOH
3UHWWHQWKDOHU	6WHLQLQJHU,QWKLVSORWUHGEOXHSRLQWVDUHLQVHUWHGGHSHQGLQJRQWKHUDWLRRISHRSOHRYHU
\HDUV \HDUROGSHUVRQVRQ WKH WRWDO QXPEHURI LQKDELWDQWVRQ WKH[D[LVDQG WKH UDWLREHWZHHQ WULSV
HQGLQJLQWKLV]RQHDQGWKHWRWDOQXPEHURIERRNLQJVGLYLGHGE\WKHDUHDRIWKH]RQHWKHUDWLRRIERRNLQJVSHU
NPðRQWKH\D[LV7KHQRUPDOL]DWLRQE\WKHDUHDLVGRQHWRSURYLGHFRPSDUDEOHUHVXOWV IRU]RQHVLQGHSHQGHQW
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$QRWKHULGHDDULVLQJIURPWKH+HDW0DSVLQSDUWLVWKDW&DU6KDULQJLVKHDYLO\XVHGE\XQLYHUVLW\VWXGHQWV
7KHUHIRUH WKH UHODWLRQVKLSEHWZHHQERRNLQJV LQ D ]RQH DQG WKH UDWLRRI XQLYHUVLW\ VWXGHQWV OLYLQJ WKHUH LV DOVR
LQYHVWLJDWHG$VWKLVRQO\OHDGVWRDFRUUHODWLRQFRHIILFLHQWRI5ð WKLVFRQQHFWLRQLVDWOHDVWTXHVWLRQDEOH
6XPPDU\
*HWWLQJ WKH FKDQFH WR DQDO\]H UHDO ERRNLQJGDWDRI&DU6KDULQJ V\VWHPV FDQ VRPHWLPHVEH VXUSULVLQJ7KLV
SDSHUVKRZVKRZGLIIHUHQFHVLQWKHV\VWHPVUHVXOWLQGLIIHUHQFHVLQWKHERRNLQJEHKDYLRU7KHVHDUHYLVLEOHQRW






LPSDFWDW OHDVWRQ WKH VXFFHVVRI)UHH)ORDWLQJ&DU6KDULQJ7KHVH LQWHUUHODWLRQV VKRXOG DOVREHSDUWRI IXUWKHU
UHVHDUFKLQRUGHUWRFUHDWHPRGHOVGHVFULELQJKRZ&DU6KDULQJFDQEHPDGHVXFFHVVIXO
5HIHUHQFHV










3UHWWHQWKDOHU )UDQ] ( 	 6WHLQLQJHU .DUO:  )URP RZQHUVKLS WR VHUYLFH XVH OLIHVW\OH WKH SRWHQWLDO RI FDU VKDULQJ(FRORJLFDO
(FRQRPLFV9ROXPH,VVXH
6KDKHHQ 6 6SHUOLQJ ' 	 :DJQHU &  &DUVKDULQJ LQ (XURSH DQG 1RUWK $PHULFD 3DVW 3UHVHQW DQG )XWXUH 7UDQVSRUWDWLRQ
4XDUWHUO\9ROXPH1XPEHU
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